I. Finesse measurement using the cavity scanning method
As an auxiliary method to characterize the p-c and p-p FP cavities in Type 1 and Type 2 chips, we measured the transmission spectrum at a fixed laser wavelength using the scanning cavity method. [1] Experimental setup is shown in Fig. S1 . The wavelength of a single-mode cw laser was fixed at  0 =561 nm. Plano mirror M1 (without any concave structure) was mounted in a one dimensional translation stage (Stage 1) that could move along the z direction and was controlled by a piezo actuator. Mirror M2 with an array of concave microwells on the surface was mounted on a translation stage (Stage 2) that provided four axes of adjustments, including the x and y direction and the two angular orientations. The cavity was first aligned with Stage 2 and then the cavity length was scanned along the z direction by the piezo actuator for a few free-spectral-ranges (FSRs) with the initial cavity length at 50 m. The transmission spectrum was collected by a photo-detector that was connected to the oscilloscope. The finesse, F, can be obtained by F=FSR/, where  is the FWHM (full-width at half-maximum) of the transmission peak using a Lorentzian fit. For a p-c FP cavity, the laser beam passed M1 and a concave microwell on M2. For the corresponding p-p FP cavity, the laser beam passed M1 and a place on M2 that did not have a microwell.
Figure S1
Experimental setup for finesse measurement using the scanning cavity method.
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II. Q-factor and finesse estimation using the laser threshold
The lasing behavior of the cavity system for a given dye concentration can be described with a parameter (), the minimum fraction of the excited molecules, )
(1)
where  a and  e represent the absorption and emission cross section, respectively; is the λ emission wavelength; is the empty cavity Q-factor when the cavity is filled with solvent in 0 the absence of dye; is the Q-factor related to the dye absorption, i.e.
= 2π
where and denotes the refractive index of the solvent and the total concentration of dye molecules, respectively. According to the three-level model at steady state, is directly γ related to the pump threshold . After a straightforward derivation, is obtained as
where , , , , and represent the plank constant, light velocity in vacuum, pulse ℎ  λ ( ) width, pump wavelength, and fluorescence quantum distribution at emission wavelength, respectively; , , and .
The parameters and the Q-factor/finesses for the cavities in Fig. 3 are tabulated in Table  S2 .
III.Calculation of fluidic dome volume and cavity mode volume
1: Fluidic volume
, where we use Gaussian fit to
approximate the surface profile of a concave microwell.
2: Optical cavity mode volume of TE 00 mode The electric field distribution of standing waves in the resonator cavity is ( , , )
where (5)
with the minimum beam waist along z direction.
0
For the p-c FP microcavity, the radius of plano mirror is , and the radius of concave 1 = ∞ mirror is (we take as the minimum radius of surface curve of the concave microwell).
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Then we get , and the beam waist for the plano and concave
The cavity length t is very short; and the calculated are nearly the same (as shown 1 2 in Table S3 ), simply we can get the optical cavity mode volume of the p-c microcavity as
The parameters, fluidic volume, and cavity mode volumes for the cavities in Fig. 5 are tabulated in Table S3 . 
